INTRODUCTION
Fermentation is one of the oldest technologies for food processing and preservation in the world and fermented foods play significant roles in human diet (Caplice and Fitzgerald, 1999) . During fermentations, metabolic activities of different groups of microorganisms, including lactic acid bacteria, some yeasts and Bacillus species are exploited to improve the safety, nutritional and organoleptic properties of different raw materials such as milk, meats, vegetables, tubers, legumes and cereals (Odunfa and Oyewole, 1998; Hammes, 2011; Sanni et al., 2013) . In Africa, traditional fermentation is uncontrolled with the microorganisms either indigenously present on the substrate, from the environment or inoculated from previous successful fermentation batch (Sanni et al., 1999) . A new trend in food fermentation is to derive health benefits beyond the traditional effects of prolonged shelf-life and improved nutritional value There is a wide physiological diversity of yeasts in African traditional fermented food products (Sanni and Lonner, 1993). The aims of this study were to identify yeast species from some Nigerian traditional fermented foods (burukutu, ogi and pito) and evaluate their functional properties which include acid and bile tolerance, antimicrobial activity and cholesterol reduction ability.
MATERIAL AND METHODS

Yeast enumeration and isolation
Burukutu (4), ogi (5) and pito (4) samples were aseptically collected from local producers in Ibadan, south-west Nigeria. Appropriate serial dilutions of the samples in sterile peptone water (0.1% w/v) were plated in duplicates onto Malt Extract Agar (MEA) supplemented with chloramphenicol (100 mg l -1 ). Incubation was carried out at 25 o C for 48 h and yeast count was expressed in log10 cfu ml -1 of the sample. Distinct colonies were randomly selected and repeatedly streaked on MEA (without chloramphenicol) until pure cultures were obtained. Isolates were maintained on MEA slants at 4 o C for further use.
Yeasts play important roles in confering some desirable qualities such as nutritional value in traditional fermented foods. This study was carried out to investigate the potentials of yeasts isolated from some Nigerian traditional fermented foods for functional characteristics such as growth at pH 2.5 and 2% bile salts concentration and ability to lower cholesterol in culture medium. A total of 40 yeast strains were isolated from burukutu, ogi and pito. They were characterized phenotypically. Fifteen strains were selected based on the ability to tolerate pH 2.5 and 2% bile salts and they were further identified using API 20C AUX (Biomerieux, France) to be Debaryomyces hansenii (5), Candida krusei (4), Candida glabrata (2), Candida colliculosa (1), Pichia anomala (1), Pichia farinosa (1) and Pichia membranefaciens (1). At pH 2.5, C. glabrata SA2 showed the highest increase in viable cells count after 24h (6.31 log10 cfu ml -1 ) while the most sensitive strain was P. membranefaciens BA2 (0.70 log10 cfu ml -1 ). P. membranefaciens BA2 survived in 2% bile salts than other yeast strains, with viable cell increase of 0.84 log10 cfu ml -1 after 24 h while the least tolerance was observed for D. hansenii OA1 with an increase in viable cells of 7.76 log10 cfu ml -1 . C. krusei OB1 exhibited the greatest reduction of cholesterol of 91.34% while the least reduction of 24.28% was observed for D. hansenii OA1 after 48h incubation. The yeast strains in this study demonstrated functional attributes which can be employed as dietary adjuncts for the development of non-dairy beverages with hypocholesterolemic attributes.
Phenotypic characterization
Morphological, biochemical and physiological characterization were carried out using conventional methods.
Morphological characterization
Macro-and micro-morphological characterization was done as described by
Kurtzman et al. (2011).
The macroscopic features that were observed include texture, colour, surface, elevation and margin of the colonies. Wet mounts of isolates stained with lactophenol cotton blue were observed using X40 objective of a light microscope. Cellular features observed include cell shape, presence or absence of buds and position of bud(s).
Biochemical and physiological characterization
The physiological tests that were carried include fermentation of various sugars, assimilation of various nitrogen compounds, growth at various temperatures, growth in media with high glucose concentration (50% w/v) and hydrolysis of urea. 
Selection of strains
Antagonistic activity
The antagonistic effect of yeast strains against some foodborne pathogens was determined by the well diffusion method (Schillinger and Lucke, 1989). Target organisms (Escherichia coli, Staphylococcus aureus, Salmonella sp., Shigella sp.
and
In vitro reduction of cholesterol
The ability of yeast strains to lower cholesterol level in-vitro was determined 
RESULTS
Enumeration and characterization
The yeasts counts in the samples ranged from 10 4 -10 6 cfu g -1 after 48-72 h of fermentation (result not shown). A total of 40 yeast strains showing diverse colonial and cellular morphology were isolated from burukutu (4), ogi (5) and pito (4). The colonies of the isolates appeared creamy or whitish on MEA and the cells were round or oval. The yeast isolates fermented different sugar and assimilated some nitrogen compounds. They were presumptively identified to be Candida sp. (Table 1) . 
Selection of strains
The forty yeast strains showed diverse responses to different growth conditions for the selection of functional yeast strains. They all showed different growth levels at pH 3.0 while 21 yeast strains (52.5%) grew at pH 2.5. None of the strain grew at pH 2.0 and 1.5. All the forty strains grew at 0.1% bile salts concentration while 38 (95%), 28 (70%), 28 (70%) and 19 (47.5%) strains showed growth at 0.3, 0.5, 1 and 2% bile salts concentration respectively (result not shown). Fifteen (37.5%) strains were selected based on the ability to grow at pH 2.5 and 2% bile salts concentration and they were identified with API 20C AUX test kit for yeasts identification (Biomerieux, France) to belong to seven species; Debaryomyces hansenii (5), Candida krusei (4), Candida glabrata (2), Candida colliculosa (1), Pichia anomala (1), Pichia farinosa (1) and Pichia membranefaciens (1) ( Table  2) . Candida glabrata SA2 showed the highest increase in viable cells count of 6.31 log10 cfu ml -1 while P. membranefaciens BA2 displayed the least increase of 0.70 log10 cfu ml -1 at pH 2.5 after 24h of incubation. Candida colliculosa PI1 exhibited the best growth with an increase of 6.78 log10 cfu ml -1 while P. membranefaciens BA2 showed the least of 2.18 log10 cfu ml -1 at pH 2.5 after 72 h of incubation. Pichia membranefaciens BA2 tolerated 2% bile salts better than other yeast strains, with viable cells increase of 0.84 log10 cfu ml -1 while the least tolerance was observed for D. hansenii OA1 with an increase in viable cells of 7.76 log10 cfu ml -1 after 24h incubation. At 72h incubation, D. hansenii OA3 had an increase of 6.25 log10 cfu ml -1 while C. glabrata SPY3 an increase of 1.88 to 2% bile salt concentration (Table 3) .
Antagonistic activity
It was observed that none of the yeast strains showed antagonistic activity against the food borne pathogens using agar well diffusion method (result not shown). 
In vitro reduction of cholesterol
The selected yeast strains were able to reduce the cholesterol content of the supplemented medium in the presence of 0.3% bile after 24h and 48h. The reduction was within the range of 4.3 to 91.3%. Debaryomyces hansenii OA2 displayed the highest reduction of 79.39% while D. hansenii OA1 gave the least of 4.3% after 24h. Twelve strains had greater than 50% reduction in cholesterol content after 48h. Candida krusei OB1 exhibited the highest reduction of 91.34% while the least reduction of 24.28% was observed for D. hansenii OA1after 48h (Fig 1) . The role of yeasts in the development of probiotics has been overlooked even though they occur as integral part of the natural flora of several fermented foods and beverages (Jakobsen and Narhvus, 1996). Most food yeasts satisfy the important criteria of safety due to the long history of safe human consumption in traditional fermented food products. For food grade yeasts, there are no reported incidences of opportunistic infections, nor cases of antibiotic resistance due to mobile genetic elements and they do not produce toxic metabolites ( 
DISCUSSION
CONCLUSION
The ability of these yeast strains to tolerate pH 2.5, bile concentration of 2 % and reduction of cholesterol have demonstrated some functional characteristics. They can be used as dietary adjuncts for the development of non-dairy beverages with hypocholesterolemic attributes. However, it is imperative to establish this beneficial effect in in-vivo studies.
